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INTRODUCTION 

The pas t  few yea r s  have witnessed ex tens ive  e f f o r t s  t o  c h a r a c t e r i z e  
coa l -der ived  l i q u i d s .  One wide ly  used method t o  c h a r a c t e r i z e  these l i q u i d s  
i s  the SARA f r a c t i o n a t i o n  method by which t h e  f o s s i l  fue l  i s  f r a c t i o n a t e d  
i n t o  s a t u r a t e s ,  a romat i c s ,  r e s i n s  and a spha l t enes .  One o f  these f r a c t i o n s ,  
r e s i n s ,  i s  believed t o  play an important r o l e  i n  t h e  conversion process of 
coal i n t o  1 iqv id  products .  Liquid chromatography and so l  ubi1 i t y  t es t s  a r e  

-two d i f f e ren t  approaches t o  the SARA f r a c t i o n a t i o n .  Following p r e c i p i t a t i o n  
of  asphal tenes  in  non-polar hydrocarbons (such a s  n-pentane) ,  t h e  deasphal t -  
ened s o l u t i o n  can be chromatographed on s i l i c a  or alumina t o  ob ta in  the  r e s i n s .  
The deasphaltened s o l u t i o n  can a l s o  be appl ied  t o  a c l ay  column and e lu t ed  
with pentane t o  sepa ra t e  r e s i n s  from o i l s ,  o r  i t  can be t r e a t e d  with propane 
gas t o  p r e c i p i t a t e  the r e s i n s .  

g rav ime t r i ca l ly  and by r eve r se  phase high performance 1 iqu id  chromatography. 
These methods a r e :  1 )  t h e  P h i l l i p s  Petroleum procedure; 2 )  our  a l t e r n a t i v e  
SARA procedure; 3 )  f r a c t i o n a t i o n  by s o l u b i l i t y ;  4 )  f r a c t i o n a t i o n  by c l a y ;  
and 5 )  our  new p repa ra t ive  s c a l e  L C  method. 

Experimental 

a )  

The f i v e  methods inves t iga t ed  a r e  conducted on t h e  same c o a l ,  a high ash 
Braz i l ian  "Mina Do Leao" c o a l ,  under t h e  same cond i t ions  of sample p repa ra t ion ,  
e x t r a c t i o n ,  and so lven t  evapora t ion .  Such experimental condi t ions  a r e  
described in d e t a i l  i n  our previous work ( 1 ) .  

The P h i l l i p s  Petroleum Procedure: Method 1 

Ten gm c o a l ,  60 mesh, a r e  e x t r a c t e d  with 100 ml hexane and t h e  in so lub le s  
( a spha l t enes )  a r e  f i l t e r e d  through a Whatman No. 1 c e l l u l o s e  f i l t e r  paper.  A 
po r t ion  of  t h e  hexane e x t r a c t  i s  app l i ed  t o  the t o p  o f  a g l a s s  column (500 x 
11 m m )  dry packed with 20 gm alumina, a c t i v i t y  I ,  80-200 mesh (F i she r  S c i e n t i c ,  
P i t t s b u r g ,  P A ) .  Sa tu ra t e s  a r e  e l u t e d  wi th  50 ml o f  hexane; a romat ics  with 75 ml I 

of  touene; and r e s i n s  with 50 ml of methanol ( 1 , 2 ) .  

I n  t h i s  paper,  r e s i n s  obta ined  by f i v e  d i f f e r e n t  methods a r e  compared 

Prepara t ion  o f  r e s i n s  by t h e  d i f f e r e n t  methods 

I 
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The A l t e r n a t i v e  SARA Method: Method 2 

T h i s  i s  an improved method deve loped  i n  o u r  l a b o r a t o r y  a t  V P I  ( 1 ) .  
Coal i s  e x t r a c t e d  w i t h  t e t r a h y d r o f u r a n  (THF) and t h e  u n r e a c t e d  c o a l  i s  
removed by f i l t r a t i o n .  The c o a l  d e r i v e d  p r o d u c t ,  a f t e r  removal  o f  t h e  
s o l v e n t ,  i s  d i s s o l v e d  i n  1 m l  THF; t h e n  i t  i s  a p p l i e d  t o  t h e  t o p  o f  a 
g l a s s  column (500 x 11 mm) s l u r r y  packed w i t h  20 gm o f  s i l i c a  g e l  60 - 200 
mesh ( F i s h e r  S c i e n t i f i c ,  P i t t s b u r g ,  P A ) .  S a t u r a t e s  a r e  e l u t e d  w i t h  50 m l  
o f  hexane; a r o m a t i c s  w i t h  75 m l  o f  t o l u e n e ;  r e s i n s  w i t h  50 m l  o f  methanol ;  
and aspha l tenes  w i th  50 m l  o f  THF. 

F r a c t i o n a t i o n  b y  S o l u b i l i t y :  Method 3 

F o l l o w i n g  e x t r a c t i o n  o f  t h e  c o a l  w i t h  t e t r a h y d r o f u r a n  (THF) and removal  
o f  t h e  s o l v e n t ;  t h e  c o a l - d e r i v e d  p r o d u c t  i s  d i s s o l v e d  i n  2 m l  o f  THF t h e n  
t r e a t e d  w i t h  80 m l  o f  n-pentane t o  p r e c i p i t a t e  t h e  a s p h a l t e n e s  ( 3 ) .  
volume o f  t h e  deaspha l tened  s o l u t i o n  ( m a l t e n e s )  i s  reduced  t o  30 m l  b y  
e v a p o r a t i o n ,  t h e n  p l a c e d  i n  an i c e - w a t e r  b a t h  and an excess o f  propane gas 
(99% c h e m i c a l l y  p u r e )  i s  added w i t h  c o n s t a n t  s t i r r i n g ,  t h u s  p r e c i p i t a t i n g  
t h e  r e s i n s  ( 3 ) .  The s o l u t i o n  i s  t h e n  f i l t e r e d  t h r o u g h  a Whatman No. 1 
c e l l u l o s e  f i l t e r ,  and t h e  p r e c i p i t a t e  washed w i t h  p r o p a n e - s a t u r a t e d  pentane,  
d r i e d ,  t h e n  weighed. 

The 

F r a c t i o n a t i o n  by A t t a p u l g u s  ( f l o r s i l )  column: Method 4 

The deaspha l tened  s o l u t i o n ,  as o b t a i n e d  i n  method 3 ,  i s  s t r i p p e d  o f f  
s o l v e n t  t h e n  d i s s o l v e d  i n  1 m l  o f  a 1 : l  m i x t u r e  ace tone :me thy lene  c h l o r i d e .  
T h i s  s o l u t i o n  o f  ma l tenes  i s  a p p l i e d  t o  t h e  t o p  o f  a g l a s s  column (500 x 11 mrn) 
s l u r r y  packed w i t h  12 gm f l o r i s i l ,  60-100 mesh (Supelco,  B e l l e f o n t e ,  PA). 
S e v e n t y - f i v e  m l  n-pentane a r e  passed t o  e l u t e  " t h e  o i l s " ,  w h i l e  50 m l  o f  1 :1 
acetone:methy lene c h l o r i d e  a r e  passed a f t e r w a r d s  t o  e l u t e  t h e  r e t a i n e d  " r e s i n s "  
i n  accordance w i t h  t h e  l i t e r a t u r e  ( 4 ) .  

New P r e p a r a t i v e  Sca le  LC F r a c t i o n a t i o n :  Method 5 

F o l l o w i n g  e x t r a c t i o n  and s o l v e n t  e v a p o r a t i o n ,  t h e  THF c o a l  d e r i v e d  
p r o d u c t  i s  d i s s o l v e d  i n  1 m l  THF, t h e n  a p p l i e d  t o  t h e  t o p  o f  a g l a s s  co lumn 
(500 x 11 mm), s l u r r y  packed w i t h  20 gm s i l i c a  g e l ,  40-60 mesh S i - 6 0  (EM 
Science,  Gibbstown, NJ). E i g h t  f r a c t i o n s  a r e  c o l l e c t e d  f r o m  t h e  p r e p a r a t i v e  
s c a l e  column i n  t h e  f o l l o w i n g  o r d e r :  s a t u r a t e s ,  monoaromat ics,  d i a r o m a t i c s ,  
t r i a r o m a t i c s ,  p o l y n u c l e a r  a r o m a t i c s ,  r e s i n s ,  aspha l tenes  and and a s p h a l t o l s .  
Tab le  1 shows t h e  e l u e n t s  u t i l i z e d  t o  g i v e  t h e  b e s t  s e p a r a t i o n  among t h e  
group t y p e s ;  t h e  volumes used; and t h e  f r a c t i o n s  e l u t e d .  More d e t a i l s  a b o u t  
t h i s  method can  be found i n  t h e  l i t e r a t u r e  ( 5 ) .  F i g u r e s  1 and 2 show t h e  
chromatograms o b t a i n e d  f o r  t h e  n o n - p o l a r  and p o l a r  f r a c t i o n s .  
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T A B L E  1 

Eluents and Frac t ions  Col lec ted  in the  P repa ra t ive  
Sca le  F rac t iona t ion  Method: Method 5 

Fraction Eluted 
1 .  Sa tu ra t e s  
2 .  Monoaromatics 
3. Diaromatics 
4. Tr ia romat ics  
5.  Polynuclear aromatics 
6.  Resins 
7 .  Asphal tenes  
8.  Asphal to1  s 

Eluent Volume (ml) 

Hexane ( c6 )  40 

Hexane ( c6 )  27 
11 .5% benzene in  C6 36 
32.0% benzene i n  c6 24 

32.0% benzene in  c6 25 

Benzene/(CH3)2CO/MeC12( 3 /4 /3)  65 

(CH3 )2CO/THF(2/8)  60- - -  

Pyr id ine  65 

b )  H i g h  Performance Liquid Chromatographic Separa t ion  I 

The a n a l y t i c a l  instrument used was a Varian Model 5020 High Performance 
Liquid Chromatograph. 
a t  254 nm. The peaks were recorded on a Varian Model 9176 recorder .  A high 
pressure  s i x p o r t  Valco va lve  model N-60 was u t i l i z e d  with a sample loop of 
10 111. The column used was 150 x 4 mm Micropak 5 ~ ,  RP-18. Mobile phase was 
a 70/30 a c e t o n i t r i l e / w a t e r  a t  a flow r a t e  o f  1 ml/min. 
a f t e r  removal of the s o l v e n t ,  was d isso lved  in THF t o  a concen t r a t ion  o f  
10 m g / m l .  The s o l u t i o n s  were then  double f i l t e r e d  through 5 .0  

a c e t o n i t r i l e  

Detec t ion  was made using a Varian Varichrom Detec tor  

Each r e s i n s  f r a c t i o n ,  
I ,  

Mil l ipo re  
f i l t e r s  ( t ype  LS) and f i n a l l y  d i l u t e d  t o  a concent ra t ion  o f  0 .4  mg/ml with I 

pr io r  t o  i n j e c t i o n  on t h e  H P L C  system. 

Results and Discussion 

a )  Gravimetric a n a l y s i s  of r e s i n s  

Table 2 d i sp l ays  a comparison o f  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  r e s i n s  
among t h e  f i v e  methods i n v e s t i g a t e d  a s  appl ied  t o  t h e  Braz i l i an  c o a l .  I 

f 

1 7 2  



TABLE 2 

1 

\ 

Rela t ive  Di s t r ibu t ion  of Resins i n  t h e  Braz i l i an  
Coal Extract Using Dif fe ren t  Separation Methods 

Method 
1 .  P h i l l i p s  

% 5.- (RSD) W t .  % Resins" CJ- 

29.4 10  35 
--- - _ _  2 .  A l t e rna t ive  SARA 51 .8  

3. Frac t iona t ion  by s o l u b i l i t y  15.1 0.44 2.9 
4 .  Frac t iona t ion  by Clay 10 .5  0.15 1 .4  

5 .  L C  Prepara t ive  Sca le  57.8 0.33 0.57 

*Results from 4 r e p e t i t i v e  runs 

Table 2 shows t h a t  method 5 i s  by f a r  t h e  most reproducib le  system 
inves t iga t ed .  In both methods 2 and 5 ,  r e s i n s  a r e  the  major f r a c t i o n  in  t h e  
coal-derived product.  I t  i s  important t o  note t h a t  i n  methods 2 a n d  5 t h e  
whole THF coal e x t r a c t  was appl ied  t o  the chromatographic column without any 
previous p r e c i p i t a t i o n  o f  asphal tenes  (methods 1 ,  3 ,  4 )  o r  r e s i n s  (method 3 ) .  
The new prepara t ive  s c a l e  L C  method i s  more complete than  method 2 ,  y i e l d i n g  
e i g h t  d i s c r e t e  and pure chemical c l a s ses  as  has  been evidenced by H P L C  ( s e e  
f igu res  1 and 2 ) .  
loaded sample ( 6 ) .  The f r a c t i o n a t i o n  of t he  whole coal e x t r a c t  by t h i s  method 
y i e l d s  purer f r a c t i o n s  than those  obtained by t h e  t r a d i t i o n a l  s o l u b i l i t y  
f r a c t i o n a t i o n ,  thus avoiding the  contamination by c o - p r e c i p i t a t i o n  commonly 
encountered in  t h i s  method ( 1 ) .  In a d i f f e r e n t  s e t  o f  experiments,  an 
asphal tenes  sample (benzene s o l u b l e ,  pentane i n s o l u b l e )  from t h e  s o l u b i l i t y  
f r a c t i o n a t i o n  method was s tudied  by the  new method and t h e  r e s u l t  showed t h a t  
what seemed t o  be asphal tenes  was in  f a c t  more than 70% r e s i n s  ( 7 ) .  

In  a d d i t i o n ,  i t  has a recovery o f  more than 94% o f  the  

High Performance L i q u i d  Chromatography Analysis 

The chromatogram in f igu re  3 i s  f o r  a s tandard  mixture  o f  polar  compounds 
found i n  coal-derived l i q u i d s .  A range o f  func t iona l  groups was chosen t o  
represent  many o f  the compound c l a s ses  which could be found i n  coa l .  S t ruc tu res  
o f  these  compounds a r e  shown in  f igu re  3.  
r e s i n s  produced by method 5 while f igu res  5 and 6 show chromatograms f o r  r e s i n s  
produced by methods 4 and 3. I t  i s  important t o  note  t h a t  a l l  r e s in  s o l u t i o n s  
were chromatographed under iden t i ca l  cond i t ions .  
column i s  very e f f i c i e n t .  Figures 4 ,  5 and 6 show t h a t  the r e s in  f r a c t i o n  
obtained from coal by severa l  s epa ra t ion  procedures i s  s t i l l  extremely complex 
and even b e t t e r  sample sepa ra t ion  schemes need t o  be developed. 
t i nu ing  e f f o r t s  along these  l i n e s .  

Figure 4 shows a chromatogram f o r  

Figure 3 shows t h a t  t h e  

We a r e  con- 
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Concl us i o n 

Bo th  g r a v i m e t r i c  and HPLC r e s u l t s  show t h a t  depending on t h e  f r a c t i o n a t i o n  
method o f  t h e  c o a l - d e r i v e d  p r o d u c t  one ge ts  d i f f e r e n t  d i s t r i b u t i o n s  o f  r e s i n s .  
Among t h e  d i f f e r e n t  methods s t u d i e d ,  t h e  new p r e p a r a t i v e  LC s c a l e  method seems 
t o  y i e l d  p u r e r  f r a c t i o n s ; i t  produces a h i g h e r  y i e l d  o f  sample (94%);  and i t  i s  
a complete method t h a t  f r a c t i o n a t e s  t h e  who le  c o a l  d e r i v e d  p r o d u c t  i n  a s i n g l e  
s t e p  w i t h o u t  t h e  i n c o n v e n i e n c e  o f  p r e c i p i t a t i n g  aspha l tenes  o r  r e s i n s .  
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